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LONGWALL GOB DEGASIFICATION WITH SURFACE VENTILATION 
BOREHOLES ABOVE THE LOWER KITTANNING COALBED 
by 
T a  Dm Moore, Jr., ' Maurice DeulI2 and Fred N. K isse l  I3 
Methane emiss ion  from two s u r f a c e  g o b - d e g a s i f i c a t i o n  b o r e h o l e s  was 
measured by t h e  Bureau o f  Mines. The i n v e s t i g a t i o n  took p l a c e  d u r i n g  mining 
o f  a  3 ,200-foot  longwal l  pane l  i n  t h e  Lower K i t t a n n i n g  coa lbed  i n  c e n t r a l  
P e n n s y l v a n i a .  The f i r s t  h o l e  was 500 f e e t  from t h e  s t a r t  o f  mining,  and t h e  
second h o l e  was 2,200 f e e t .  The f i r s t  h o l e  went on n a t u r a l  d r a f t  a s  soon a s  
t h e  longwal l  f a c e  passed i t .  T h i s  caused t h e  methane f low i n  t h e  r e t u r n  
e n t r i e s  t o  d rop  7 5  p c t .  I n  t h e  6 months r e q u i r e d  t o  complete  t h e  pane l ,  t h e  
two h o l e s  e m i t t e d  69 MMcf o f  methane i n  v a r y i n g  p e r c e n t a g e s  of c o n c e n t r a t i o n  
i n  a i r .  I n  3 y e a r s ,  t h e  h o l e s  e m i t t e d  a  t o t a l  o f  150 MMcf of methane. 
Methane i s  c o n t a i n e d  under  p r e s s u r e  w i t h i n  t h e  mic ropores  and f r a c t u r e s  
o f  c o a l b e d s  and i n  t h e  a d j a c e n t  s t r a t a .  I t  i s  r e l e a s e d  i n t o  t h e  mine atmos- 
p h e r e  d u r i n g  working o f  t h e  bed and must be  removed e i t h e r  i n  advance o f  o r  
d u r i n g  mining t o  p reven t  t h e  fo rmat ion  o f  e x p l o s i v e  g a s - a i r  m i x t u r e s  
4 (1, 5-5, 7-8). The removal o f  methane by c o n v e n t i o n a l  v e n t i l a t i o n  i s  p a r t i c -  
u l a r l y  d i f f i c u l t  i n  longwal l  mining o f  g a s s y  c o a l b e d s .  A s  mining p r o g r e s s e s  
i n  a  longwal l ,  t h e  overburden c o n t i n u a l l y  f r a c t u r e s ,  and t h e  immediate r o o f  
c a v e s  d i r e c t l y  behind t h e  roof  suppor t  u n i t s .  Thus, t h e  gob i s  always n e a r  t h e  
c o a l  f a c e ,  and any methane-bear ing m a t e r i a l  i n  t h e  overburden adds  t o  t h e  
methane r e l e a s e d  from t h e  c o a l  d u r i n g  mining.  
A i r  l o s s e s  a t  t h e  longwal l  f a c e  a l s o  c r e a t e  problems. A c o n s i d e r a b l e  
amount o f  a i r  can escape  i n t o  t h e  gob a s  i t  i s  coursed  a long  t h e  f a c e ,  making 
v e n t i l a t i o n  o f  t h e  f a c e  zone a t  t h e  r e t u r n  end of t h e  f a c e  e s p e c i a l l y  
d i f f i c u l t .  To supp ly  s u f f i c i e n t  a i r ,  a  c o n s i d e r a b l e  f low r a t e  must be  main- 
t a i n e d  a t  t h e  i n t a k e  end.  
1Mining e n g i n e e r  (now w i t h  C l i n c h f i e l d  Coal Co.) .  
2 S u p e r v i s o r y  g e o l o g i s t .  
3 P h y s i c a l  r e s e a r c h  s c i e n t i s t .  
4 Under l ined numbers i n  p a r e n t h e s e s  r e f e r  t o  i t e m s  i n  t h e  l i s t  o f  r e f e r e n c e s  a t  
t h e  end o f  t h i s  r e p o r t .  
I n  most c o a l  mines ,  t h e  methane d i l u t i o n  r e q u i r e m e n t s  o f  t h e  F e d e r a l  Coal  
Mine H e a l t h  and S a f e t y  Act o f  1969 can  g e n e r a l l y  be met by p r o v i d i n g  b l e e d e r  
e n t r i e s  w i t h  adequa te  p r e s s u r e  d i f f e r e n t i a l s  a c r o s s  t h e  gob. However, where 
e m i s s i o n s  o f  gob methane a r e  u n u s u a l l y  h igh ,  t h e  b l e e d e r  sys tem must be  supp le -  
mented w i t h  one  o r  more s u r f a c e  g o b - d e g a s i f i c a t i o n  b o r e h o l e s  d r i l l e d  p r i o r  t o  
mining (5). Some e a r l i e r  work on t h e  s u b j e c t  o f  d e g a s i f i c a t i o n  h a s  been 
r e p o r t e d  by Ferguson (2 -3 ) .  - - 
T h i s  Bureau o f  Mines r e p o r t  d e t a i l s  r e s u l t s  from two such b o r e h o l e s  
d r i l l e d  o v e r  a  mine l o c a t e d  i n  t h e  Lower K i t t a n n i n g  coa lbed  i n  Cambria County, 
P a . ,  where g o b - d e g a s i f i c a t i o n  h o l e s  must b e  used on a  r e g u l a r  b a s i s .  
DESCRIPTION OF STUDY AREA 
Mining P l a n  
The b l o c k  o f  c o a l  t o  b e  mined by a  r e t r e a t  longwal l  sys tem was bounded on 
e a c h  s i d e  by a  s e t  o f  p a n e l  e n t r i e s  (7 L e f t  and 8  L e f t )  and on t h e  ends  b y  
D West and E  West mains  ( f i g .  1 ) .  The b l o c k  was 570 f e e t  wide ,  3,200 f e e t  
long ,  and 58 i n c h e s  t h i c k .  The t h r e e  e n t r i e s  o f  7  L e f t  and 8  L e f t  p a n e l s  were  
mined on 8 0 - f o o t  c e n t e r s ,  w i t h  c r o s s  e n t r i e s  on 1 0 0 - f o o t  c e n t e r s .  A l l  e n t r i e s  
were  18  f e e t  wide .  The midd le  7  L e f t  e n t r y  was used a s  a  t r a c k l e s s  haulway 
f o r  worker s ,  s u p p l i e s ,  andequipment  t o  t h e  l o n g w a l l  f a c e ,  and a s  a  r e t u r n  when 
t h e  l o n g w a l l  f a c e  was r e t r e a t e d  p a s t  t h e  f i r s t  c r o s s  e n t r y  c o n n e c t i o n  t o  t h e  
gob. 
At t h e  s t a r t  o f  t h e  s t u d y  on September 20, 1971, t h e  l o n g w a l l  f a c e  had 
been r e t r e a t e d  360 f e e t  and was 140 f e e t  from t h e  f i r s t  s u r f a c e  b o r e h o l e  
( b o r e h o l e  20, f i g .  1 )  . At t h e  end o f  t h e  s t u d y  on September 30,  197 1, t h e  f a c e  
was 8 5  f e e t  p a s t  t h i s  b o r e h o l e .  
S t r a t i g r a p h y  
The overburden a t  t h e  s t u d y  a r e a  was 600 t o  700 f e e t  t h i c k  and c o n s i s t e d  
o f  ca rbonaceous  s h a l e s ,  a r g i l l a c e o u s  carbonaceous  s a n d s t o n e s ,  some a r g i l l -  
aceous  l i m e s t o n e s ,  and a  number o f  c o a l b e d s .  The immediate r o o f  s t r a t a  com- 
p r i s e d  7  i n c h e s  o f  bone and c o a l  and 9  f e e t  o f  d a r k ,  sandy s h a l e .  The 
immediate 4  f e e t  o f  f l o o r  was f i r e  c l a y  w i t h  c o a l  and s h a l e  p a r t i n g s .  
McCulloch and Deul (5) have r e p o r t e d  t h a t  t h e  amount o f  g a s  e m i t t e d  
d i r e c t l y  from t h e  Lower K i t t a n n i n g  c o a l  i n t o  t h e  mine working i s  known t o  b e  
s m a l l .  During development and i n  p r e p a r a t i o n  f o r  i n s t a l l a t i o n  o f  longwal l  
mining equipment,  methane emiss ion  r a t e s  a r e  v e r y  low. I n  one methane 
e m i s s i o n  s t u d y  i n  a  development s e c t i o n ,  o n l y  23 cfm o f  methane was measured.  
I n  c o n t r a s t , w h e n  longwal l  mining was b e i n g  conduc ted ,  methane emiss ion  r a t e s  
r o s e  t o  1 , 5 0 0  cfm from a  s i n g l e  s e c t i o n .  T h i s  a d d i t i o n a l  methane m o s t l y  o r i g -  
i n a t e s  i n  t h e  overburden.  Four  o t h e r  c o a l b e d s ,  Upper and Middle K i t t a n n i n g  
and Upper and Lower F r e e p o r t ,  a r e  i n  c l o s e  p r o x i m i t y  t o  t h e  mined Lower K i t t a n -  
n i n g  c o a l ,  and t h e s e  a r e  known t o  be  g a s s y .  The r e s u l t  i s  a  much h i g h e r  p ro -  
p o r t i o n  o f  methane from t h e  overburden t h a n  i s  common i n  most mines .  
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FIGURE 1. - Map of study area. 
Equipment 
A double-drum b i d i r e c t i o n a l  shearer  was used t o  mine 52 inches of t h e  
58-inch-thick coalbed. A chain conveyor received the  c o a l  along t h e  face  and 
discharged i t  a t  t h e  head end onto  a mother-chain conveyor i n  t h e  c l o s e s t  
7 L e f t  en t ry .  From t h e r e  t h e  c o a l  was discharged onto  a rope-frame, 36-inch 
b e l t  conveyor t h a t  loaded i n t o  mine c a r s .  
The roof was supported by hyd rau l i c  sel f -advancing steel props.  Each 
u n i t  cons i s t ed  o f  f o u r  42- ton-capaci ty  steel props mounted on a r i g i d  ba se  and 
topped w i t h  sh ie lded  steel beams. The u n i t s  were pa i red  t o  o p e r a t e  a s  an 
e igh t -prop  chock, spaced on 42-inch c e n t e r s  a c ros s  t h e  f ace .  Coal p roduc t ion  
ranged from 2,100 t o  3,800 tpd .  
V e n t i l a t i o n  
The flow d i s t r i b u t i o n ,  t h e  range of  a i r  and methane volumes, and t h e  pres -  
s u r e  d i f f e r e n t i a l  a c ro s s  t h e  gob a r e  shown i n  f i g u r e  2. The primary a i r  s p l i t  
t h a t  v e n t i l a t e d  t h e  s e c t i o n  was conducted a c r o s s  t h e  f ace  from t h e  t a i l  end a t  
8 L e f t  t o  t h e  head end a t  7 L e f t .  
A r egu l a t ed  secondary i n t a k e  o f  approximately 3,000 cfm was conducted i n  
t h e  middle e n t r y  of 7 L e f t  t o  t h e  head end. Most o f  t h e  r e t u r n  a i r  flowed t o  
D West through t h e  middle e n t r y  o f  7 L e f t  and t h e  7 L e f t  edge of  t h e  gob, 
which was c r ibbed .  The D West r e t u r n  a i r  s p l i t  jo ined t h e  longwall  r e t u r n  a i r  
i n  t h e  main r e t u r n  e n t r i e s  a t  7 L e f t  and 8 L e f t .  The maximum p r e s s u r e  d i f f e r -  
e n t i a l  between i n t a k e  s t a t i o n  3 and r e t u r n  s t a t i o n  2 was 0.17 i n c h  o f  wate r .  
A f e a t u r e  of  t h e  v e n t i l a t i o n  system was a row of  t imber  c r i b s  a t  t h e  edge 
of t h e  gob t h a t  were i n s t a l l e d  one by one a t  t h e  head end of t h e  longwall  f a c e  
a s  i t  r e t r e a t e d .  T h e i r  purpose was t o  provide a h igh-permeabi l i ty  pa th  f o r  
t h e  r e t u r n  a i r  a t  t h e  gob edge ( f i g .  1 ) .  Th i s  allowed v e n t i l a t i o n  a i r  t o  
d i l u t e  gob methane be fo re  i t  en t e r ed  a c c e s s i b l e  a r e a s  of  t h e  mine. I n  t h i s  
way, t h e  methane concen t r a t i ons  i n  a c c e s s i b l e  a r e a s  nea r  t h e  gob could be  kep t  
low enough t o  meet r e g u l a t i o n s .  
Airf low ac ros s  t h e  f a c e  and through t h e  row of  c r i b s  was c o n t r o l l e d  by 
a l t e r n a t e l y  opening and c l o s i n g  s toppings  ad jacen t  t o  t h e  head e n t r y  ( f i g .  1 ) .  
The c losed  s toppings  nea r  t h e  gob i n  7 L e f t  confined t h e  gob gas se s  and permit-  
t e d  b leed ing  through t h e  c r ibbed  e n t r y .  The f o u r  open s toppings  i n  t h e  same 
row allowed v e n t i l a t i o n  o f  t h e  a c t i v e  f a c e  and t h e  ad jacen t  gob t o  t h e  middle  
7 L e f t  e n t r y .  A s  t h e  panel  was r e t r e a t e d  t o  c r o s s  e n t r y  B ,  t h e  opening i n  
c r o s s  e n t r y  A s topping was c lo sed ,  and s topping  C was opened t o  a i r f l o w .  Th i s  
procedure was followed, w i t h  t h e  system a s  shown i n  f i g u r e  1, u n t i l  t h e  pane l  
was mined o u t .  
The masonry s toppings  were cons t ruc t ed  w i t h  3- by 5-foot  openings i n t o  
which cement blocks could be e a s i l y  f i t t e d .  The b locks  were removed and 
r ep l aced  a s  needed. 
TEST PROCEDURE 
Surface  Degas i f i c a t i on  Boreholes 
Before longwall  mining was s t a r t e d  i n  t h e  s tudy  panel ,  s u r f a c e  bore-  
ho l e  20 was d r i l l e d  t o  a dep th  of  783 f e e t ,  which was 1 f o o t  below t h e  bottom o f  
t h e  Lower Ki t tann ing  coalbed ( f i g .  3 ) .  Because of t h e  rough s u r f a c e  topogra- 
phy, borehole  20 was l oca t ed  500 f e e t  from t h e  back edge o f  t h e  gob i n s t e a d  of 
t h e  u s u a l  300 t o  400 f e e t .  An 8-inch-ID s t e e l  c a s ing  was i n s t a l l e d  i n  t h e  
26,000t0 3 9 , 0 0 0 c f m  
8 L E F T  (Avg 22 cfm, CH4) 
Leakage - - 
7 L E F T  
99000 to (-1 0. I7 in watdr 1 
13,000 cfm 
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FIGURE 2. - Ventilation schematic of study area. 
hole  t o  760 f e e t .  The lowermost 119 f e e t  of the  casing was ungrouted i n  the  
lower port ion of the  hole and served t o  prevent hole col lapse  a s  the  mine roof 
wzs caved. It was s l o t t e d  t o  provide easy access t o  gas emerging from a l l  
l e v e l s  within the  119-foot i n t e r v a l .  Most of the  gob methane enter ing  the  
mine probably or ig inated  i n  t h i s  region. Both t h e  Middle and Upper Kit tanning 
coalbeds, located 25 and 100 f e e t  above the  mined Lower Kittanning coal ,  were 
he re .  One ob j ec t  i n  t h e  borehole  com- 
p l e t i o n  procedure was t o  try t o  l o c a t e  
t h e  t op  of  t h i s  open p o r t i o n  a s  h igh  a s  
p o s s i b l e  i n  o rde r  t o  b leed  o f f  methane 
from t h e  h ighes t  p o s s i b l e  po in t  i n  t h e  
Casing c a v i t y  c r e a t e d  by caving i n  t h e  mine. 
However, a t  t h e  same time, it was neces- 
Firm rock 
-- 
s a r y  t o  s t a y  below wa te r  bea r ing  s t r a t a .  
Above t h e  open por t ion ,  150 f e e t  of  
t h e  ho le  were grouted t o  main ta in  t h e  
p o s i t i o n  of  t h e  ca s ing  and p r o t e c t  
a g a i n s t  i n t r u s i o n  of wa t e r .  S t i l l  
h ighe r ,  t h e  upper p o r t i o n  of  t h e  ca s ing  
was no t  grouted.  This  was t o  avoid t h e  
ca s ing  breakage t h a t  can occur  when t h e  
mine roof  i s  caved and t h e  s t r a t a  around 
t h e  borehole  subs ides .  The s tandpipe  of 
t h e  ho l e  was equipped w i th  a check v a l v e  
t o  prevent  a i r f l o w  from t h e  s u r f a c e  t o  
t h e  mine. Sur face  borehole  21 (565 f e e t  
deep) was d r i l l e d  1,700 f e e t  from 
hole  20 and completed i n  a s i m i l a r  manner. 
Underground Monitoring 
A record ing  methanometer i n s t a l l e d  
a t  s t a t i o n  1 cont inuous ly  measured t h e  
t o t a l  methane from t h e  longwall  s e c t i o n  
and from D West development ( f i g .  2 ) .  
A t  s t a t i o n s  2 and 3, v e n t i l a t i o n  p r e s -  
s u r e s  were measured w i t h  an a l t i m e t e r ,  
and a i r  v e l o c i t i e s  were measured w i t h  an 
anemometer. A record ing  microbarograph 
l oca t ed  a t  s t a t i o n  3 du r ing  each monitor- 
i ng  s h i f t  recorded baromet r ic  changes 
and underground p re s su re  changes caused 
'4 I by i n t e r f  e r e n c e s  t o  normal a i r £  lows. 
Handheld methanometer r ead ings  were 
taken a t  15-min i n t e r v a l s  a t  s t a t i o n s  1 
and 3, and methanometer and anemometer 
r ead ings  were taken  occas iona l l y  a t  s t a -  
t i o n  4 i n  D West. The accuracy of t h e  
FIGURE 3. - Deta i l  of borehole 20 methanometers was checked by l a b o r a t o r y  
completion. a n a l y s i s  o f  b o t t l e  samples. A l l  monitor- 
i ng  was performed on t h e  day s h i f t  
(8 a.m. t o  4 p.m.) f o r  5 days p r i o r  t o  mining under borehole  20 and f o r  3 days - - 






















































































































































































A su r f ace  borehole  becomes u s e f u l  only a f t e r  mining passes  t h e  ho le .  
U n t i l  t h a t  t ime, a l l  t h e  methane must be handled by t h e  mine v e n t i l a t i o n  
system. On September 28, borehole  20 was uncapped a f t e r  t h e  longwall  f a c e  had 
reached i t  ( f i g .  4 ) ,  and underground methane flow from t h e  longwall  s e c t i o n  
dropped 75 p c t .  Underground monitor ing could no t  be continued beyond Septem- 
ber  30 because a s t r i k e  began on October 1. However, su r f ace  monitor ing of 
t h e  borehole  cont inued ( f i g s .  5-6) .  
During October and November, flow from t h e  borehole  was by n a t u r a l  d r a f t  
a lone .  Methane flow s t a r t e d  a t  about 1,400 Mcfd and d r i f t e d  down t o  about 
300 Mcfd over  a 5-month per iod .  The methane l e v e l  i n  t h e  e f f l u e n t  d r i f t e d  
from an i n i t i a l  100 pct  t o  about 45 p c t .  
KEY 
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FIGURE 6, - Eff luent methane concentrations-boreholes 20 and 2 1. 
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I FIGURE 7. - Methane flow from borehole 21. 
I5The exhaus te r  was a c e n t r i f u g a l  blower, and the  vacuum was gene ra l l y  between 1 
A t  t h e  end of  November, 
t h e  s t r i k e  ended. Mining of 
t h e  longwall  f ace  resumed 
and, a t  t h e  same time, an 
exhauster5 was connected t o  
t h e  borehole  a t  t h e  su r f ace .  
This  combined a c t i o n  r a i s e d  
t h e  borehole  flow f o r  a week, 
but  i t  soon re turned  t o  
e a r l i e r  l e v e l s  ( f i g .  5 ) .  
The methane concen t r a t i on  i n  
t h e  borehole  e f f l u e n t  
continued t o  d r i f t  downward 
( f i g .  6) . Borehole 20 va lve  
was c losed  a t  t h e  end of 
January when t h e  e f f l u e n t  
concent ra t ion  dropped below 
25 pc t  methane. Pe r iod i c  
t e s t i n g  dur ing  February and 
March s t i l l  i nd i ca t ed  low 
methane concen t r a t i ons  i n  
t h e  e f f l u e n t ,  so  t h i s  ho le  
was permanently s e a l e d .  
A t  t h e  end of January, 
t h e  longwall  f a c e  i n t e r -  
sec ted  t h e  second borehole  
(borehole  21), which was 
then uncapped. The flow 
from t h i s  ho le  was i n i t i a l l y  
1,000 Mcfd a t  80 pc t  methane, 
but  i t  soon began t o  d r i f t  
downward ( f i g .  5 -6) .  
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Mining of  t h e  pane l  was completed i n  March 1972, on ly  5 weeks a f t e r  t h e  
ho l e  (borehole  21) had been put  i n t o  s e r v i c e .  Neve r the l e s s ,  t h e  borehole  
con t inued  t o  emit  methane f o r  t h e  nex t  2 yea r s .  Flow and c o n c e n t r a t i o n s  
du r ing  1972 and 1973 a r e  shown i n  f i g u r e s  7 and 8 .  The h o l e  was equipped 
w i t h  an exhaus t e r  f o r  t h e  e n t i r e  pe r i od .  I n  1972, methane f low dropped t o  
200 Mcfd, and t h e  e f f l u e n t  concen t r a t i on  was about 35 p c t ;  i n  1973, t h e  flow 
dropped and t h e  c o n c e n t r a t i o n  r o s e .  
Cumulative methane amounts f o r  bo th  boreholes  a r e  given i n  f i g u r e s  9 and 
10. While i n  s e r v i c e ,  borehole  20 y i e lded  40 MMcf methane; up t o  December 
1973, borehole  21 y i e l d e d  110 MMcf methane. I n  1974, borehole  21 dec l i ned  
s u b s t a n t i a l l y ,  and by J u l y  1974, t h e  f low was on ly  32 Mcfd. 
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FIGURE 9, - Cumulative volume of methane from borehole 20. 
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FIGURE 8, - Effluent methane concentrations- 
borehole 21, 
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The e f f e c t i v e n e s s  of 
su r f ace  boreholes  i n  d r a i n -  
i n g  o f f  methane t h a t  o t h e r -  
wise  would have t o  be removed 
by t h e  v e n t i l a t i o n  a i r  i s  
ev ident  i n  f i g u r e  4 ,  where 
uncapping borehole  20 pro-  
duced an immediate 75 pc t  
decrease  i n  t h e  underground 
methane flow from t h e  s e c t i o n .  
Methane l e v e l s  were t oo  high 
t o  a l low u s  t o  shut  o f f  a  
ho le  temperar i - ly  a s  an 
experiment t o  see what 
i nc rease  i n  underground flow 
would r e s u l t  ; however, when 
borehole  20 was f i n a l l y  shut  
down, t h e  s e c t i o n  had t o  be 
i d l e d  f o r  5  s h i f t s  due t o  
high methane l e v e l s  i n  t h e  
r e t u r n s .  These l e v e l s  
occurred notwithstanding 
t h e  f a c t  t h a t  borehole  21 
was a l r eady  producing 
1 MMcfd ( f i g .  5 ) .  
FIGURE 10, - Cumulative volume of methane from Had t h e  su r f ace  borel- 
borehole 21, ho le s  no t  been i n  ope ra t i on ,  
t h e  v e n t i l a t i o n  a i r  would have had t o  be boosted from t h e  20-30 Mcfm shown i n  
f i g u r e  2 t o  a s  much a s  75  Mcfm ac ros s  t h e  face .  Under those  condi t ions ,  
a l lowing f o r  t h e  normal overhang and t h e  cons iderab le  obs t ruc t ion  c r ea t ed  by 
t h e  se l f -advanc ing  hydrau l i c  jacks ,  t h e  face  conveyor,and t h e  coa l - shear ing  
machinery, t h e  a i r  v e l o c i t i e s  a t  t imes ac ros s  p a r t  of t h e  f ace  would exceed 
2,000 fpm. Th i s  would be i n t o l e r a b l e  f o r  t h e  workers and would d i s p e r s e  
excess ive  amounts of  c o a l  d u s t .  
The company u s u a l l y  l o c a t e s  t h e  f i r s t  su r f ace  gob-degas i f ica t ion  borehole  
about 300 t o  400 f e e t  from t h e  s t a r t  o f  longwall  r e t r e a t .  However, because o f  
t h e  t e r r a i n ,  ho le  20 could no t  be loca ted  c l o s e r  than  500 f e e t .  This  delayed 
t h e  t ime u n t i l  ho le  20 became product ive and r e s u l t e d  i n  some v e r y  high under- 
ground methane flows between September 21 and 27 ( f i g .  4 ) ,  bu t  subsequent ly  
t h e  methane c o n t r o l  system funct ioned succes s fu l ly .  
I n  gene ra l ,  bo th  h o l e s  s t a r t e d  w i t h  high methane flows and high methane 
percentages  i n  t h e  e f f l u e n t ;  w i th in  a  few weeks, bo th  flow and concent ra t ion  
dec l ined  s u b s t a n t i a l l y .  Large f l u c t u a t i o n s  i n  flow and concent ra t ion  took 
p l ace  on a  week-to-week o r  even day-to-day b a s i s .  
CONCLUSIONS 
Gob d e g a s i f i c a t i o n  through su r f ace  bo reho l e s  permi t s  high-product ion 
mining of  t h e  Lower K i t t an n ing  coa lbed .  Without t h e  s u r f a c e  d r a inage  
de sc r i bed  here ,  an a d d i t i o n a l  150 MMcf of  methane would have had t o  be  d i l u t e d  
and c a r r i e d  ou t  of  j u s t  one s e c t i o n  of  t h e  mine by t h e  underground v e n t i l a t i o n  
system. T h i s  would have n e c e s s i t a t e d  i n c r e a s i n g  a i r f l o w s  t o  unreasonably 
high l e v e l s .  
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